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(71) I, Takahiro Ueno. of 5-11, 4- 
Bancho, Wakayama City, Japan, a Japanese 
citizen, do hereby declare the invention, for 
which I pray that a patent may be granted 

5 to me, and the metbod by which it is to 
be pei^oimed, to be particularly described 
in and by the following statement: — 

The present invention relates to a com- 
bination iateroal combustion engine and air 

10 compressor, for example, one moulted on 
a vdiicle to propel the same. 

The invention consists in a combination 
as claimed in claim 1. Embodiments of the 
invention may include any of the further 

15 features claimed in claims 2 to 20 

The present invention may be embodied 
in an engine mounted on any vehicle such 
as an automobile, a street car, a ship, an 
aeroplane and the like, which engine could 

20 be any internal combustion engine such as, 
for example, a petrol or mixture-compres- 
sion engine, a Diesel engine, a Wankel 
engiQe. 

In the following description of embodi- 

25 meats, only a 4-stroke petrol or mixtmre 
compression engine wiU be described as tiiis 
kind of engine is particularly difficult to 
operate as an air cimpressor and the de- 
scription wiU thus provide for easy under- 

30 standing of a range of embodiments of the 
present invention. 

A plurality of cylinders of an engine 
combination embodying the invention may 
be divided into two sets to obtain separate 

35 operation of each set of cylinders and the 
actions of said sets may be com- 
bined in various manners such as all the 
cylinders effecting an engine action, one set 
of cylinders effecting an engine action with 

40 the other effecting an air compression 
action, all the cylinders effecting an air 
compression action, all the cylinders effect- 
ing an air compression action, so that a 
single engine can be used for many appli- 

45 cations. Such an engme may be mounted 



on a vehicle so that propulsion of the 
vehicle is ipaproved, and particularly in the 
case of the eng?uie combination being used 
for an engine-brake, fuel expense is saved 
and environmental pollution is prev«ited. 50 

Compressed air obtained during the time 
a vehicle' is being braked can be used for 
starting the engine, operating the engine as 
an air-motor, or operating a vacuum suction 
device for braking the vehicle. 55 

The embodiments described below relate 
inter alia to an engine provided with double 
cam shafts and/or an engine supercharged 
with compressed air obtained at the time 
of braking or at some other desired time. 60 
They further provide constructions for brak- 
ing, stopping, air-starting and normally 
rotating, and starting and continuing re- 
verse rotation of such an engine in the case 
of said engine being applied in a ship. 65 

Engines embodying flie present invention 
are, even in the case of a single cylinder 
en^e, able to be operated as an air com- 
pressor or an air motor. 

An engine embodying the present inven- 70 
tion may be a known engine which com- 
prises one or more cylmders, a piston 
adapted to slide in each of said cylinders, 
an inlet valve and an exhaust valve for 
opening and closing each of an inlet port 75 
and. an exhaust port provided on the upper 
portion of said cylinder, two cam shafts 
each comprising a cam for operating said 
inlet valve or said exhaust valve respec- 
tively, a transmission for transmitting rota- SO 
tion of a crank shaft to both of s^d cam 
shafts, an air supply means connected to 
said inlet port for supplying air and fuel 
thereto and a means connected to said ex- 
haust port for guiding exhaust gas there- 85 
from. 

For effecting an air compression action, 
the engine may be provided with: an air 
supply means for supplying one or more 
chambers with air wifliout fuel, an air take- 90 
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out means for ta3dng out at a desired time 
air compressed within said chambers, a tank 
for storing said compressed air, said tank 
being connected to an exhaust pipe con- 

5 stituting a part of said air take-out means, 
an operating means for operating at a de- 
sired time said air supply means and said 
air take-out means. Said air supply means 
may be a means for supplying said 

10 chambers with air only by stoppmg fuel- 
supply through a magnet valve into a car- 
burettor or changing passages of mkt 
pipe, and includes a means for tunmg the 
inlet and the ejdiaust valves for an au* com- 

15 pression action. Said operating means may 
be a means for operating at a desired time 
magnet valves of the air supply means and 
the air take-out means. The air take-out 
means may be a means adapted to change 

20 the exhaust passage by means of a magnet 
valve thus allowing storage of compressed 

In one embodiment an engine is changed 
over to effect an air compression action l«r 
25 changing the rotation angle of a cam shaft 
- for an exhaust valve with respect to a crank: 
shaft and by rotating the cam shafts for an 
inlet ££nd an exhaust valve at the same rota- 
tional frequency as the crank shaft 
30 In another possibility an enguie is 
• changed over to effect a compression action 
or a no-load operation action by stoppmg 
fuel-supply to half a plurality of chamb^s 
and supplying them witli air only, mereby 
35 savmg fuel expense and reducing atmos- 
pheric pollution, " . 

Another possible feature is for an engine 
to be changed over to serve as an air cona- 
pressor. by adapting it to suck in air through 
40 an e3diaust port, by changing the angular 
relation^p of a cam shaft for an exhaust 
valve with respect to a crank shaft, and by 
adapting it to exhaust air by means of an 
automatic valve provided on- the cylinder- 
45 head. . ^ . , 

A further possible feature is to provide 
two pairs of transmissions for transmitting 
rotation of a crankshaft to respective cam 
shafts one pair being for an engine action 
50 with the o^er being for an air compression 
action to allow an inlet and an e3diaust 
valve to suck in air. 

A further possible feature is to divide a 
plurality of cylmders into two sets* the first 
55 set of cylinders being operated to effect an 
engine action and the second set for a com- 
pression action, and high pressure air ob- 
tained by said compression action set being 
reduced in pressure and used for super- 
60 charging the first set thereby increasing the 
driving' power of the engine. ' 

A further possible feature is for the 
engine combination to drive a compressed 
air machine or device by compressed air 
€5 obtamed in an air contqwcession action sec- 



tion of the combmation and be adapted to 
supply the low pressure compressed air , 
after use and the residual air in the aur 
compression action section for super- 
charging an engine section of the combma- 70 
tion. thereby effectively usmg compressed 
air and nrinimizmg noise due to the com- 
pressed air machine or device. 

A further possible feature is to mject 
compressed air through a residual gas ex- 75 
baust port to rotate the engine m the normaJ 
direction, and by changing valve-timmgs ot 
inlet, exhaust and residual gas exhaust 
valves to rotate the engine in the reverse 

direction. . , ^ *t. 

A further possible feature is to adapt tne 
engine so that at the time of change-over 
from normal rotation to reverse rotation, 
the en^ne is braked by changing an engme 
action into an air compression action and 85 
absorbmg Idnetic energy from normal rota- - 
tion of the engine and use this to start re- 
verse rotation so that die engine responds 
quickly and reverse rotation is obtained sub- 
stantially without waste of kmetic energy. 90 

A further possible feature is to mject ; 
bi^ pressure air through an exhaust port of 
the engme so that the engme is actuated to 
rotate in the normal or reverse direction. 

Reference wiU now be made by way of 95 
example to the accompanying drawings, m 
which: — . - 

Fig. 1 is a schematic plan view for lUus- 
tration of the first and the second embodi- 
ments of die present invention; 100 

Fig. 2 is a section of a cylmder of an 
engine of the first embodiment of the pre- 
sent invention; 

Fig. 3 is a section of the second embodi- 
ment for illustration of a cylinder of an 105 
engine of the second embodiment; 

Fig. 4 is a schematic view of inlet and 
exhaust passages of the second embodinaent; 

Fig. 5 is a sectional plan view for illus- 
tration of the third embodiment of the pre- HO 
sent invention; . 

Fig. 6 is a front view for illustration or a 
cam for an inlet valve and a cam for an 
exhaust valve of die first set of <grlinders 
of the third embodiment; 115 

Fig 7 is a section taken along line VH- - 
yn of Fig. 6; '\- ^: " . 

Fig. 8 is a perspective view for illustra- 
tion of modifications of cams for inlet and 
exhaust valves of the first set of tbe 120 
cylinders of the third embodiment; 

Fig. 9 is a front view for illustration of 
cams for inlet and esdiaust valves of the 
second set of the thkd embodiment; ^ ^ 
-Fig. 10 -is a section taken along line X-X 

of Fig. 9; - , ' ■ '■ . 4rT 
Fig. 11 is a section taken along Ime XI- 

XI of Fig. 9; . ^ . , . 

Fig. 12 is an explanatory view of mlet 
and exhaust passages of the engine of the 130 
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third embodiment; 

Fig. 13 is a section for illustration of a 
cylinder provided with, an air port and an 
air port valve of the engine of the foxtcth 
5 embodiment of the present invention; 

Fig. 14 is a schematic front view of a 
cam for operating a residual gas exhaust 
port; 

Fig. 15 is an end view taken along line 
10 XV-XV of Fig. 14; 

Fig. 16 is an end view taken along line 
XVI-XVI of Fig. 14; 

Fig. 17 is a schematic front view of a cam 
for operating an inlet valve; 
15 Fig. 18 is an end view taken along line 

xvm-xvm of Fig. n; 

Fig. 19 is an end view taken along line 
XEX-XIX of Fig. 17; 

Fig. 20 is a schematic front view of a 
20 cam for operating an exhaust valve; 

Fig. 21 is an end view taken along line 
XXI-XXI of Hg. 20; and 

Fig. 22 is an end view taken along line 

xxn-xxn of Fig. 20. 

25 Referring to Figs. 1-4. a combination 
engine and air compressor embodying the 
present invention is shown, by way of ex- 
ample, in the form of an engine provided 
with double overhead cam shafts and hav- 
30 ing adaptive features to enable operation 
of the engine as an air compressor. In the 
particular embodimCTits described below, 
whUe it is appreciated that a chamber is 
de£uied in a cylinder the terms "chamber" 
35 and "cylinder" are used interchangeably 
where no confusion will arise. 

An engine 1 having the features of the 
combination defined in Qaim 1. is provided 
with a known transmission 4 for transmit- 
40 ting rotation of a crank shaft 8 to cam 
shSts 6, 7 for operation in said first mode 
to give engine action, and, besides, another 
transmission 5 for transmitting rotation of 
of the crank shaft to the cam shafts for 
45 operation in said second mode to give air 
compression action, further, a means for 
changing over from- one to the other of said 
two transmissions and correspondingly 
changing inlet and exhaust passages and 
50 such other features as required. Each of 
said transmissions 4. 5 is adapted to operate 
cam shaft 6 for inlet valves and cam shaft 
7 for exhaust valves. 
An engine provided with double over- 
55 head cam shafts is usually intended to run 
at a high rotational speed.- In such an 
engine the valve opening angle produced 
by the cam is very large e.g* 140** and the 
overlapping angle is about 50°. Said trans- 
60. mission 5 is a- means for -eliminating- such 
an overlapping angle and- for changing 
valve-timing for both inlet and exhaust 
valves to a desired timing, e.g. opening said 
exhanst valve 180f after closing said inlet 
65 valve. 
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Said transmission 4 for an engine action 
comprises sprockets 9, 10, 11 which axe 
rotatably fitted to a crank shaft 8, a cam 
shaft 6 and a cam shaft 7 respectively, elec- 
tromagnetic clutches 12, 13, 14 for engagmg 70 
each of said sprockets 9, 10, 11 with the 
corresponding shaft 8, 6, 7 at a predeter- 
mined position and a chain 15 for simul- 
taneously rotating said sprockets 9, 10, H 
in one direction. By passing electric current 75 
through said magnetic clutches 12, 13, 14, 
said cam shafts 6, 7 and brought into opera- 
tion, the angular relationship of said cam 
shafts with repect to said crank shaft 8 
being the same as that of the corresponding 
cam shafts of a conventional engine. In 
other words, the transmission 4 for an 
engine action provides the cam shafts 6, 7 
with motion to effect valve-timing for an 
engine action-. . - - ■ • 

Similarly to the transmission 4 for an 
engine action, the transmission 5 for an air 
compression action comprises sprockets 16, 
17, 18, electromagnetic clutches 19, 20, 21 
and a chain 22. 

Two embodiments can be referred to here 
for achieving an air compression action of 
the engine 1. In the first embodiment, as 
shown in Fig. 2, compressed air is taken out 
through an exhaust pipe 25 of the engine 
1, while in the second embodiment, as 
shown in Fig. 3, an air port 28 is formed 
between an inlet port 26 and an exhaust 
port 27 and compressed air is taken out 
throu^ an automatic exhaust valve 29 pro- 
vided in said air port 28. 

Referring to Fig. 2, the first embodiment 
is now described below. The sprocket 16 of 
the transmitting means 5 has the same dia- 
meter as the sprockets 17. 18, and is adapted 
to rotate each' of the cam shafts 6. 7 with 
the same rotational frequency as that of the 
crank shaft 8. Thereby, the inlet and ex- 
haust valves are opened and closed once 
per rotation of the crank shaft 8. so that 
the 4-stroke engine is given the valve-timing 
of a 2-stroke air compressor. Said valve 
timing is controlled by means of the cam 
shafts, themselves controlled by the electro- 
magnetic clutches 20. 21. The electro- 
magnetic clutch 20 is arranged to engage 
the sprocket 17 on the cam shaft 6, so that 
the opening of the inlet valve occurs at a 
time a little delayed with respect to the 
corresponding timing in an engine action 
and after the piston in the cylinder has com- 
menced to move downwards from the top 
dead "centre. . ^ ^ 

On the other hand, the magnetic clutch 
21 provided on the cam shaft 7 for the ex- 
haust valve 3-2 is arranged to engage the 
sprocket 18 on the cam shaft 7 so that the 
exhaust valve 32 is closed when the piston 
reaches the top dead centre. 

Further, the engine of the first embodi- 
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ment may be so adapted that the difference 
between aa engiae action and an air com- 
pression action insofar as the valve timing 
is concerned is made to consist only in fhe 
5 rotation frequencies of the cam shafts, by 
prdviding only two electromagnetic clutches 
12, 19 and fixing the sprockets 11, 13. 17, 18 
on the corresponding cam shafts 6, 7. 

An inlet pipe 24, which communicates 

10 with an inlet port 26, is connected to a 
pipe 35 which leads to an air tank T for 
storing compressed air obtained by the air 
compression action of the engine, said air 
tank T being able to store therein air at 

15 a pressure of S-16 kg/cm- in the case of 
making the engme serve as a 1-stage air 
compressor, and 20-50 kg/cm^ in the case 
of making the engine serve as a 2-stage air 
compressor and in the case of the engine 

20 Vcing a Diesel engine. 

Said ppe 35, and another pipe of which 
only an unreferenced stub is shown in Fig. 
2, are connected through a 3-way magnet 
valve 36 to said inlet pipe 24, to supply 

25 therethrouo^ the inlet port 26 with a fuel 
and air mixture (the stub}, air only (the 
stub) or hi^ pressure air (pipe 35). The 
3-way magnet valve 36 is operated by an 
operatmg means (not shown), 

30 A pipe 37 communicating with the air 
tank T is connected through a 3-way 
magnet valve 38 (also operated by an opera- 
ting means (not shown), to fhe exhaust pipe 
25 communicating with the exhaust port 27. 

35 A check valve 39 is provided in said pipe 
37 so that high pressure air in the air 
tank T is prevented from flowing to the 
exhaust port. 

In the case of the engine having an air 

40 compression action, due to operating the 
operating means» the 3-way magnet valves 
36. 38 are so opened that air flows in the 
direction of fhe arrows marked X, and by 
demagnetizmg the electromagnetic clutdh 12 

45 and magnetizmg tbe electromagnetic clutch 
19^ the valve timing is converted into that 
for the air compression action. • 

Air having passed through a carburettor 
without admixture of fuel is supplied 

50 through the inlet port 26 into the chamber 
shown (unreferenced), and compressed 
therein and then supplied throughi Sie ex- 
haust port 27 and 3-way magnet valve 38 
into the air tank T to be stored therein. 

55 Besides such an air compression action, 
ftie engine of fhe first embodiment of the 
present invention provided with the above- 
mentioned structure can also be operated 
as an air motor for driving a crank shaft 

60 In the case of the engine being operated 
to rotate in the normal direction as an air 
motor, 3-way magnet valves 36. 38 are 
opened so that air flows "in the direction of 
the arrows marked Y by operating the 

65 operating means and the inlet and exhaust 



valves are operated with the same timing as 
that of compression action. 

When die-flow takes the direction of the 
arrows marked Y through the 3-way magnet 
valves 36, 38 compressed air (having a pres- 70 
sure of 8-16 kg/cm^ in the case of a petrol 
or mixture compression engine or 20-50 
kg/cm^ in the case of a Biesel engine) from 
the air tank T flows to the inlet port 26, and 
is allowed into the chamber 2 by opening 75 
inlet valve 31, fhe compressed air dien push- 
ing down the piston. Potential (compres- 
sion) energy of the high pressure air is con- 
sumed in operating the piston, and the air 
is then discharged throu^ the exhaust pipe 80 
25 by opening exhaust valve 32. 

On the other hand, in the case of operat- 
ing the engine to rotate in the reverse direc- 
tion as an air motor, the 3-way magnet 
valves 36, 38 are opened for flow in the 85 
reverse direction to .the arrows marked. X 
(valve 39 being then suitably arranged to 
allow this) and compressed air is fed 
through the pipe 37 and the exhaust port 
27 into the chamber and then discharged 90 
through the inlet pipe 24. 

Referring to Fig. 3, the second embodi- 
ment will now be described. 

Similarly to the first embodiment, the 
magnet clutch 20 of the transmission 5 is 95 
arranged to engage fhe sprocket 17 with 
the cam shaft 6 so that the inlet valve 31 
is open while the piston is descending from 
the top dead centre. 

The sprocket 18 of the cam shaft 7 like- 100 
wise opens tibe exhaust valve 32 while the 
piston is descending from the top dead 
centre at the time corresponding to the ex- 
plosion stroke of a 4-stroke (engine) action, 
said sprocket 18 being engaged v^ith the 105 
shaft 7 by the magnet clutch 21 at the posir 
tion suitable for such valve-opening. 

The sprocket 16 has a diameter of half 
the diameter of the sprocket 17 or 18. In 
an air compression action, the inlet and ex- 110 
haust valves are alternately opened once ijer 
two rotations of the crank shaft 8 while fhe 
piston is descending. However, by making 
the gear ratio between the sprocket 16 and 
each of the sprockets 17, 18 1:1, thus rotat- 115 
ing each cam shaft 6, 7 once per rotation 
of the crank shaft 8, fhe inlet and exhaust 
valves can be simultaneously opened at 
times corresponding to tbe suction stroke 
and explosion stroke of a 4-stroke (engine) 120 
action, so that an increased amount of air 
can be sucked in. 

In an air compres^on action, the exhaust 
valve port 27 and pipe 25 axe supplied with 
air only through a special suction passage, 125 
mentioned below, in substitution for the 
exhaust passage used for engine action. . 

The automatic exhaust valve 29 is pro- 
vided on each cylinder head of the engine 
adapted to be closed by means of an oil 130 
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pressure, air pressiire or electric means (of 
which a pressurizing means 44 is shown) in 
an engine action and to automatically ex- 
haust air compressed to a predetermined 
5 pressure in the cylinder in an air compres- 
sion action, an ejdiaust port 28 of said auto- 
matic exhaust valve being comiected thtoug}i 
a duct 45 to the ah: tank T. As said auto- 
matic exhaust valve 29. for example, there 

10 can be employed an air charging valve. 

Referring now to Figs. 1 and 4, operation 
and inlet and exhaust passages of the second 
embodiment are described below. During 
an engine action, m the engine 1, the trans- 

15 mission 4 for an engine action is operated, 
air-fuel mixture sucked through a carbu- 
rettor 40 and the inlet pipe 24 into each of 
the cylinders is combusted and then dis- 
charged through the exhaust pipe 25 and an 

20 exhaust gas port 41. 

On changing over the engbe from an 
engiue action to an air compression action, 
the magnetic clutches 12, 13, 14 are de- 
magnetized and instead thereof the magnetic 

25 clutches 19, 20, 21 are magnetized to change 
the angular relationship between the crank 
shaft and the cam shafts rotation angle and/ 
or speed of the cam shafts 6, 7 for the inlet 
and exhaust valves 3-1. 32, a 2- way magnet 

30 valve 42 is opened, then a 2-way magnet 
valve 4-3 is closed, and also, a magnet valve 
(not shown> for closing a fuelling pipe to 
the carburettor 40, so that the inlet passage 
is changed, and the pressure of the pres- 

35 surizing means 44- which has been holding 
closed the automatic exhaust valve 29 by oil 
or air pressure is released. In such a state, 
air having passed through the carburettor 
40 and the inlet and exhaust pipes 24, 25 is 

4Q sucked throus^ the inlet and' exhaust ports 
into the cylinder and (after closing inlet and 
exhaust valves 31. 32) is compressed nntil 
the predetermined pressure is obtained, and 
then exhausted through the automatic ex- 

45 haust valve 29, a manifold (comprising 
ducts 45) and a check valve 46 into Sie air 
tank T, to be stored therein. 

In the second embodiment a magnetic 
clutch is provided at the position of each 

50 sprocket in order to decrease rotation noise 
and torque consumption of sprockets out of 
use during an action. Three clutches are 
sufficient for such purpose. The rotary posi- 
tions of said sprockets may be variously 

55 changed. Further, by dividing botibi of the 
cam shafts into two in a proper proportion 
(for example, 3:3 in the case of 6 cylinders), 
and providing a magnetic clutch (as shown 
in phantom line in Fig, 1) at such divided 

60 position for free connection of the two parts 
of each shaft with each other, a part of the 
en^e (the left three cylinders in Fig. 1) 
can be operated with an engine action witti 
fhe other part (the right three cylinders in 

65 Fig. 1) operated with an air compression 



action. In such a case, the inlet and ejdiaust 
passages are suitably changed. 

The structures of the first and second em- 
bodiments can be appHed to all engines 
with double cam shafts of either a side 70 
valve type or an overhead valve type, and 
also to both mixture compression engines 
and IMesel engines. 

Further, an engjne provided with double 
overhead cam shafts is usually intended to 75 
run at a high rotational speedi, it is designed 
with small inertia] mass, so that in the case 
of the engine being operated as an air com- 
pressor even though the inlet and exhaust 
valves are opened and closed twice as often 80 
as the opening and closing operations occur 
in an engine action, jumping, bouncing, 
surging or the like is prevented. 

Referring now to Figs 5-12, the third em- 
bodiment of the present invention is shown 85 
for illustration of operation of an engine 
mounted on a vehicle for an air compres- 
sion action. 

An engine 51 is so adapted that only the 
right-hand (as seen in Fig. 5) three cylinders 90 
are operated for an air compression action 
by supplying them with air only. 

The engine 51 operates in four ways — 
all cylinders being operated for an engine 
action, the left-hand (as seen in Fig. 5) three 95 
(the first set of> cylinders 52 being for an 
enghie action with the ri^t-hand three (the 
second set of) cylinders 53 being for an air 
compression action, said first set being 
operated as an engine to be supercharged 100 
with said second set as a supercharger for 
superchargmg said first set, and first 
set being operated as an enguie with the 
second set in a no-load (see below) state. 

A cam shaft 54 of said first set of 105 
cyhnders 52 is adapted to be axially moved 
by a lliree-step means for changing-over the 
position of the shaft while the came shaft 
55 of tht second set 53 is axially moved by 
a two step change-over means. Further, the 110 
end portion of the cam shaft 54 adjacent to 
said cam shaft 55 is cylindrical and rotat- 
ably and slidably supported throng a bear- 
ing by the engine body. On said cylindrical 
end portion of the cam shaft 54, the cam 115 
shaft 55 is rotatabiy and slidably supported. 

Referring to Figs. 6, 7, there are shown 
a cam 57 for an inlet valve and a cam 58 
for an exhaust valve provided on the cam 
shaft 54 of the first set 52. 120 

The cam 57 for the inlet valve is pro- 
vided with a normal cam section 59 for 
normal valve overlapping angle (see below) 
and a supercharging cam section 60 for in- 
creased overlapping. In other words, said 125 
supercharging cam section 60 is provided 
for the purpose of making an overlapping 
angle relatively large so as to open the 
inlet valve before the exhaust valve is closed, 
for blowing away residual gas in the clear- 13(S 
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ance volume at the end of the exhaust step 
by means of newly introduced air so that 
the latter replaces the former in order to 
increase the amount of fresh air in the 
5 cylinder each cycle, to increase the mean 
effective pressure on combustion and thus 
increase the power. 

The cam 58 for the exhaust valve is also 
provided with a normal cam section 61 and 

10 a supercharging section 62. Said four cam 
sections 59, 60. 61, 62 provide different 
valve-timings respectively, but. apart from 
this, all are substantially in the same form 
as the supercharging cam section 60 shown 

15 in Fig. 7. 

Referring to Fig. 8, there is shown a 
modification of the cam 57 for the inlet 
valve or the cam 58 for the outlet valve, in 
which a normal cam section 59, 61 is ad- 

20 jacent to a sup^harging cam section 60, 
62. 

Referring to Figs. 9-11. there are sObown a 
cam 65 for the inlet valve and a cam 66 for 
the exhaust valve provided on the cam shaft 

25 55 for said second set of cylinders. 

The cam 65 for the inlet valve comprises, 
as shown in Fig. 10. an engine action seg- 
ment 65E (widi the same sectional form 
as said normal cam section 59) which is 

30 adapted to open the inlet valve once per 
revolution of the cam shaft, and an air 
compression action segment 65C adapted to 
open the inlet valve twice per revolution of 
the cam shaft 

35 The cam 66 for the exhaust valve is pro- 
vided with an engine action segmoat 66E. 
a 1 -stage compression action (see below) 
segment 66C, a .2-stage compression action 
Csee below) segment 66S and a no-load 

40 action (see below) segment 66U. and only 
the engine action segment 66E operates the 
exhaust valve once per revolution of the 
cam shaft while the others operate the same 
twice per revolution of the cam shaft. The 

45 en^ne action segment 66E provides the 
same action as said normal cam section 61, 
and the 1-stage air compression action seg- 
ment 66C opens the exhaust valve of the 
second set a little before the end of the cor- 

50 responding compression and exhaust strolces. 
of the engine action of the first set of 
cylinders, to exhaust high pressure com- 
pressed air. The 2-stroke compression 
action segment 66S opens the exhaust valve 

55 after a compression and an exhaust action 
of the engine start thus exhausting low pres- 
sure compressed air. The no-load action 
se.sment 66U opens and closes the exhaust 
valve to allow flow of air at times which 

60 overlap the opening and closing operations 
of the"inlet valve. 

It is an important feature of this embodi- 
ment that the action carried out for the 
supoly of air by the second set of cylinders 

65 is di^dded into three stages or manners of 



operation: 1-stage compression, 2-stage 
compression and zero compression (zero 
supply of air). The 1-stage compression 
action segment 66C produces high pressure 
air (8-10 kg/cm- in the case of a petrol or 70 
mixture compression engine and 8-16 kg/cm- 
in case of a Diesel engine) used for operat- 
ing a compressed air machine such as a 
cooler. The 2-stage compression action seg- 
ment 66S produces high pressure air simi- 75 
larly to the 1-stage compression segment but 
but compressing air in two stages (see be- 
low) reduces the load on the first set 52 
upon starting the engine in order to smoofii .. 
the transition to a 1-stage compression ac- 80 
tion. The no-load action segment 66U 
causes the engine to drive the vehicle by 
means of an engine action of only fiie first 
set 52 thus saving about 50% of fuel ex- 
pense. 85 

Further, higih pressure air produced by 
the second set of cylinders is supplied to the 
first set as supercharging air through a pres- 
sure adjusting valve or after use in a com- 
pressed air machine, and then the required 90 
increase in power of the engine action of 
the first set is -controlled, so that a com- 
pression action of the second set is carried 
out with sufficient driving power. 

The middle portion between the engine 95 
action segment 66E and the 1-step compres- 
sion action segment 66C can keep the ex- 
haust valve closed, and therefore can be 
used instead of the no-load action segment 
66U. 100 

The operation of the engine 51 wth the 
abovementioned construction and exhaust 
passages is described below with reference 
to Fig. 12. 

In the case of making the second set of. 105 
cylinders effect an air compression action 
when the vehicle is slowing down the seg- 
ments are so arranged that the inlet and 
outlet valves of the first set 52 are driven 
by the normal cam section 59, 61 while the 110 
inlet valve of the second set 53 is driven by 
the compression action segment 65C and the 
outlet valve thereof is driven by the 2-step 
compression action segment 66S. 

When chambers X Y. Z of the first set 115 
52 are actuated as an engine, a piston of 
the second set 53 connected to the sajne 
crank shaft operates so that air is introduced 
through the inlet , ports 26A, 26B and the 
inlet pipe 24 into tie chambers, compressed 120 
therein substantially to 4 kg/cm^, then ex- 
hausted through exhaust ports 27A, 27B and 
introduced through the exhaust pipe 25 and 
a duct 70 into a chamber C. The air intro- 
duced into die chamber C. is .compressed 125 
substantially to. 8. k2:/cm^ then exhausted . 
through an exhaust port 27C of the chamber 
C .to. be stored at once in .the air tank T.. 
At tihat time, ,a 2-way jnagnet valve 71 is 
open with a 2-way "magnet valve 72 being 130 
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closed and 3-way magnet valves 73, 79 
being open in the X direction. 

When the turning power of the engine 
increases as it comes to a constant speed 
5 operation, the cam shaft 54 is displaced so 
that the inlet and exhaust valves of the first 
set are operating by means of &e super- 
charging cam segments 60, 62, and. the cam 
shaft 55 is displaced so that the exhaust 

10 valve of the second set 53 is operating by 
means of the 1-step compression action seg- 
ment 66C, and further the 2-way magnet 
valve 71 is closed, the 2-way magnet valve 
72 is open and the S'-way magnet valve 73 

15 is open in the Y direction. 

In this state, air introduced into the 
chambers A, B, C is compressed at once 
substantially to 8 kg/cm^ and supplied to the 
air tank T. An air take-out pipe 74 is con- 

20 nected to the tank T, so that by opening the 
3-way magnet valve 78 in the X direction, 
compressed air is supplied into a com- 
pressed-air machine 75 such as one provid- 
ing cooling action. From compressed-air 

25 machine 75 adapted to exhaust used air 
through one port used low pressure com- 
pressed air is lead through a return pipe 76 
and introduced inta the inlet pipe (ahead 
of the carburettor) of fee first set 52 to be 

30 used for supercharging. Preferably, a surge 
tank or other smoothing device is provided 
on said pipe 76 for smoothing the flow of 
intermittently discharged air. Further, 
though not shown, the connected portion 

35 between the pipe 76 and the inlet pipe of 
set 52 is so adapted that blow back against 
the air flow is prevented. This can also be 
done by opening the said port only for 
flow in the direction of gas flowing through 

40 the return pipe 76 into the inlet pipe of 
set 52 

Numeral 77 indicates a pressure adjusting 
valve. In the case of using higjh pressure 
air in the tank T directly for supercharging 

45 by opening the 3-way magnet valve 78 in 
the Y direction, the pressure of said air is 
suitably lowered by means of said valve 77. 

Said tank T can contain air compressed 
to a pressure of 8 kg/cml In the case of 

50 air having a pressure above 8 kg/cm^ the 
pressure thereof is reduced for the purpose 
of its storage in the tank. 

In the case of makmg the engine drive 
the vehicle the 2-way magnet valves 72, 80 

55 are opened, the 2-way magnet valve 71 is 
closed and the 3-way magnet valves 73, 79 
are opened in the Y direction. It is so 
arranged that the carburettor is fuelled and 
at the same time the inlet and exhaust 

60 valves of the first set are operated by the 
normal cam sections 59. 61 while the inlet 
and exhaust valves - of the second set are 
operated by the engine action segments 65E, 
6"6E. 

65 Mixture is supplied from the carburettor 



40 to all the cylinders and combusted in the 
chambers to become exhaust gas, and then 
exhausted through the exhaust port 41. In 
this case, the inlet pipe can be supercharged 
directly, or throng the compressed-air 70 
machine, from the tank T. 

When the vehicle is subject to idle rota- 
tion and cruising, it is not necessary for all 
the cylinders to eJffect an engine action, but 
the first set alone can have an engine action 75 
with the second set being in no-load opera- 
tion. In such a case, the inlet and e;£haust 
passages of the first and the second sets of 
the engine 51 are arranged for said normal 
(engine) and air compression actions res- 80 
pectively, while the inlet valves of fee 
second set are operated by fee compression 
action segment 65C wife the exhaust valves 
feereof operated by fee no-load action seg- 
ment 66X3, Combustion action takes place 85 
in fee chambers of fee first set, but only air 
is taken into fee chambers of the second set 
wifeout eifeer combustion or compression 
action. However, such air flow takes place 
only in fee case of fee 3-way magnet valve 90 
79 being opened in fee Y direction. If it 
were opened in fee X direction air would 
not flow freely ferougih fee valve 79 because 
of fee pressure in tank T (and feere would 
be compression). 95 

Further, at the time of rednction of fee 
vehicle speed, fee second set is made to 
effect an air compression action using kine- 
tic energy of fee vehicle to prodnce com- 
pressed air substantially without consuming 100 
fuel. 

In said embodiments all cylinders are 
adapted to effect an engine action, but 
feere may be included some cylinders 
adapted not to effect an engine action but 105 
to take only an air compression action (in- 
cluding 2-step compression action) and an 
air motor action. Furfeer, at fee time of 
starting and acceleration of fee vehicle, 
half of fee chambers may be made to effect 110 
an air motor action and fee whole or a 
part of fee air used for said air motor ac- 
tion and fee whole or a part of fee air 
used for said air motor action may be used 
for supercharging in an engine action so as 115 
to make fee vehicle travel, while during 
travel of fee vehicle at a constant velocity 
half fee cylinders may be made to undergo 
no-load operation. 

For fee purpose of increasing durability i2Q 
of fee engine, each cylinder is made to 
effect an alternative action so feat a cham- 
ber having effected an engine action is made 
to effect a compression action wife a cham- 
ber feat has effected a compression action 125 
being made to effect an engine action, after 
fixed intervals, for example, after every 
4O0O km travel of fee vehicle. 

Furfeer, in a particular embodiment, by 
connecting a displacement compressor to 130 
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an engine for propelling the vehicle, said 
engine is made to effect only an engine 
action with said displacement compressor 
made to effect an air compression action 
5 Kincln^ng no-load operation) or an air 
motor action. In this case, the engine may 
have any mimber of cylinders, and the dis- 
placement compressor is selected to have 
a volume in correspondence with the power 
10 of said engine. As a displacement compres- 
sor, there can he used an engine adapted 
to act as an air compressor. 

Further, during propulsion of a vehicle 
having thereon an engine with 4. 6, 8 or 12 
15 cylinders, by making half of the cylinders 
effect an engine action to propel the vehicle, 
* vjhlle making the remaining cylinders effect 
an air compression action to store com- 
pressed air obtained therefrom in the tank. 
20 said tank is cooled using air flow caused 
by travel of the vehicle. Also, the compres- 
sed, air thus cooled can be made to expand 
in the tank through an expanding valve and 
be utilized for cooling the inside of the 
25 vehicle. The exhaust air from said cooler 
can be used for supercharguig the en^ne 
acUon section. In the case that the tank is 
filled with compressed air obtained by a 
compression action of the en^e, the com- 
30 pression action section is subject to no-load 
operation, the corresponding change-over 
being easily effected by, for example, opera- 
ting a valve in a fluid line for controlling 
an exhaust valve. Consequently, it is not 
35 necessary always to rotate the engine to 
operate tlie cooler, and to provide the 
cooler with an air compressor. As a result, 
fuel and resources can be saved. This sys- 
tem is effective when applied to engines, 
40 especially rotary en^es v/hich consume a 
large amount of fuel thus tend- 
ing to cause oavironmental pollution. 
According to this system, exhaust gas after 
being used in compressed air machines and 
45 apparatus is not dispersed in the atmosphere 
but is introduced into the engine section, so 
that exhaust gas noise can be prevented by 
the resulting masking effect. 

Fur&er, in the case that after braking the 
50 vehicle (e.g. said braking being effected by 
a finger-brake system) by operating the 
second set of cylinders as a compressor 
brake or an ordinary en^ne brake, the ve- 
hicle is immediately accelerated, the second 
55 set is supplied with compressed air so as to 
effect an air motor action and then flie first 
set is made to effect an engine action. Even 
in this case, it is possible to prevent ill 
effects being felt during travelling which are 
60 apt to be caused by fuel-cuts in ^ vehicle 
operation using a conventional engine. 

Usually, a supercharger is used for in- 
creasing the maximum pov/er of an engine. 
However, a supercharger incurs great ex- 
65 pense, so that it is rarely used in a petrol 



or mixture compression engine. On the con- 
trary, according to the present embodiments 
high pressure air obtained by an air com- 
pression action of an engine is reduced in 
pressure and cooled, and used for super- 70 
charging the en^ne section, thereby afford- 
ing a reduction in the expense incurred. 

Such a mild supercharging is extremely 
effective and can contribute to prevention 
of atmospheric pollution v/hich tends to be 75 
caused at the time of increasing the power 
of engine for starting up or acceleration. 

Further, in the case of an engine with a 
supercharger, for example, a Diesel engine, 
the supercharger may be supplied with air 80 
at low temperature and a low pressure 
above atmospheric, so that power is multi- 
ply increased by the combined effect. 

In the case of an engine with double 
overhead cam shafts as described in the 85 
first embodiment, each cam has a lobe 
shaped to produce a large overlap angle 
and therefore is suitable for superdiarging, 
so that a separate means is not required to 
be mounted thereon for superchargmg, and 90 
so tiiat the required frequency of frequent 
gear-changing may be reduced during high 
power operation. 

Figs. 13 to 22 show the fourth embodi- 
ment of the present invention that is an 95 
engine wherein the valve timing of the in- 
let and exhaust valves is changed so that 
the engine can serve as an air-compressor 
and a third air port and valve are provided 
between the inlet and exhaust valves for 100 
exhausting the high pressure residual air 
whilst the engine is effecting compressor 
action, and further high pressure air is sup- 
plied through the third air port to rotate 
title engine per se normally or reversely. 105 
This embodiment is particularly useful for 
marine vessel engines. 

Numeral 82 indicates a residual gas ex- 
haust port to be used in the case of making 
the engine effect an air compression action, 
in which port there is provided a valve 83 
for opening and closing said residual gas 
exhaust port 82. 

In a manifold 84 that is connected to 
said port 82, one branch 85 is connected to 
either free air or a superchat;ger, while 
the oflier branch 86 is connected to a high 
nressure tank that contains compressed air 
at approximately 20 to 50 kg/cm* fpossibly, 
in the other previously mentioned case, 
8-10 kg/cm^\ On the pipe 86 there are pro- 
vided an opening and closing valve 87 for 
supplying high pressure air from the tank 
T to the exhaust port 82, and a check valve 
88 for supplying high pressure air from the ^-^-^ 
exhaust port 82 to the tank T. The com- 
nressed air in said tank has been obtained 
by the compressor action of the engine, 
thou^ such air can be alternatively sup- 
plied from the exterior Coutside the en^e) I^O 
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through an inlet (not shown) of pipe 86. 
A three-way magnet valve 89 is provided 
at the branching point of the manifold 84, 
which is nsed to switch the air flow between 
5 branches 85 and 86. 

Figs. 15, 16. 18, 19, 21, 22 show cam 
segments in relation to a common reference 
cycle in which the first (upper right hand), 
second (upper left hand), third and fourth 
10 quadrants correspond respectively in normal 
rotation to the intake, exhaust, explosion 
and compression strokes and in reverse 
rotation to the exhaust intake, compression 
and explosion strokes, with the engine ac- 
15 tion segments being shown in full lines and 
the compression action segments in phantom 
lines, and the pair of Figs, relating to each 
cam showing that the respective sogmonts 
are symmetrically located about the (ver- 

20 tical) Hne joining the top dead centres. In 
practice, the reverse rotation segments 
shown in Figs, 16, 1-9, 22 are rotated 1«0* 
relative to the normal rotation segments 
shown in Figs. 15, IS. 21. as is- seen in 

25 Figs. 14, 17. 20. 

Figs. 34 to 16 show a driving cam 91 for 
the valve 83, the cam comprising a cylin- 
drical segment 92 for en^e action which 
does not drive the co-acting tappet, a nor- 

30 mal rotation starting segment 93 which 
drives the tappet at a time approximately 
corresponding to the starting of the ex- 
plosion stroke in the engine action, a resi- 
dual air exhaust segment 94 which drives 

35 the tappet for exhausting the residual air 
durmg the time the engine is effecting nor- 
mally rotating compressor action, a reverse 
rotation starting segment 95 which drives 
the tappet at a time approximately corres- 

40 ponding to the end of the compression 
stroke dming the time the engine is effect- 
ing normal engine action, and a residual air 
exhaust segment 96 which drives the tappet 
to open valve 83 during the time the en- 

45 gine is effecting reversely rotatmg compres- 
sor action. 

Said 3 -way electromagnetic valve 89 
opens in the direction of the arrow X to 
connect the pipe 86 vsdth the air port 8-2 

50 only when the tappet of the valve 83 is co- 
active with the normal rotation starting 
segment 93 and the reverse rotation start- 
ing segment 95, while otherwise it opens 
in the direction of the arrow Y. 

55 The cam 101 for the intake valve 31 
comprises, as shown in Figs, 17 to 19, a 
normally rotating engine action segment 
102, a normally rotating compressor action 
segment 103 which drives the co-acting 

60 tappet at a time approximately correspond- 
ing to the intake and explosion strokes in 
the engine action, a reversely rotating rai- 
^ne action segment 104 which opens the 
inlet valve 31 at a time corresponding- to 

65 the exhaust stroke in normal rotation of 



the engine, a reversely rotating compressor 
action segment 105 which drives the tappet 
at a time approximately corresponding to 
the exhaust and compression strokes in nor- 
mal rotation of the engine (namely intake 70 
and explosion strokes in reverse rotation of 
the engine), and a cylindrical segment 106 
connecting the segment 102 to the segment 
104. 

The cam 111 for the exhaust valve 32 is 75 
rei>resented in Figs. 20 to 22 as approxi- 
mately the same shape as the cam 101 for 
the inlet valve 31 but is of course diffexent 
therefrom as to the time it starts driving 
the co-acting tappet. The cam 111 com- 80 
prises a normally rotating engine 
action segment 112, a normally 
rotating compressor action segment 
113 which drives the tappet at a 
time approximately corresponding to the 85 
exhaust and compression strokes in engine 
action, a reversely rotating engine action 
segment 114 which drives the tappet at a 
time approximately corresponding to the 
intake stroke in normal rotation of the en- 90 
gine, a reversely rotating compressor action 
segment 115 which drives the tappet at a 
time approximately corresponding to intake 
and explosioin strokes in normal rotation 
of the engine (namely exhaustion and com- 95 
pression strokes in reverse rotation of the 
engine), and a cylindrical segment 116 con- 
necting the segment 112 to the segment 114, 

The cam shaft 99 having the driving cam 
91 for the valve 83 is provided separately lOO 
from the cam shaft 109 having the cam 101 
for the intake valve 31 and the cam 111 for " 
the exhaust valve 32, each of the cam 
shafts bemg dhanged-over with axial sliding 
motion in five stages by hydraulic, or elec- 105 
trie shaft change-over means. 

Upon starting of normal rotation of tiit- 
engine, the tappets of the valves 83, 31 and 
32 are brought respectively in co-acting 
relationship with the starting segment 93 110 
in co-acting relationship witih the tappet, 
high pressure air at about 20-50 kg/cm?^ (or 
8-16 kg/cm^) flows into the air chamber 
through the air port 82 and the engine is 
started. Then by moving the cam 91 re- 115 
versely so that the tappet and the- cylindri- 
cal segment 92, are in co-acting relation- 
ship, the en^e effects the usual engine- 
action. 

In order to make the engine act as a 120 
normally rotating compressor the cams 91. 
101 and 111 are moved until the tappets 
and the residual air exhaust segment 94 
and the compressor action segments 103, 
113 are in co-acting relationship so that 125 
the four-stroke engine serves as a two-stroke 
air-compressor, and residual air at the same 
time is discharged from the air port 82 
through the pipe 85. . . 

' In the case of rotating the engine rever- 130 
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sely, the nornially rotating engine is 
changed over first into normally rotating 
compressor action and braked, and after 
the engine stops the cam shafts 99, 109 are 
5 moved until the tappits are in co-acting re- 
lationship with the reverse rotation starting 
segment 95 and the reversely rotating en- 
gme ECtion segment 104, 114. 
Also, in the case of returning the reyer- 

10 sely rotating engme to normal rotation, the 
engine is first made to serve as a reversely 
rotating compressor. 

In the abovementioned fourth embodi- 
ment in the case of an engine with five or 

15 more cylinders, an air port valve 83 of any 
one of the cylinders is opened when the 
cam shaft 99 is moved and set so as to 
work the air port 83 by means of the nor- 
mal rotation starting segment 93, so that 

20 the chamber can be supplied with com- 
pressed aur. thus making it easy to start the 
engine with compressed air. 

However, in the case of an engine with 
four or less cylinders, and especially with a 

25 siagle cylinder, a piston sometimes stops at . 
the top or bottom dead center, thus causing 
an air port valve to be closed. 

Therefore, a decompression device (not 
shown) is provided for opening such a 

30 closed valve so as to make the engine take 
up an air motor action. In this case, the 
decompression device is not a device for 
pressure reduction but for pushing down a 
valve stem of the inlet valve to introduce 

35 air and for momentarily opening the air 
port valve of the engine set to effect an air 
motor action so as to compulsorily intro- 
duce compressed air into a chamber thus 
rotating a crank shaft. In the case that the 

40 said crank shaft rotates in the positive 
direction, the air port valve can effect a 
normal opening and closing operation so 
that the motor can immediately work as an 
air motor. On the contrary, in the case that 

45 the said crank shaft rotates in the reverse 
direction, said air port valve is opened 
during the time the piston is being raised 
and compressed air injected through inlet 
port causes the piston to be lowered, so that 

50 the rotaion of the crank shaft turns into 
the positive direction. Also in the case that 
the engine is set to effect reversely rotating 
operation, the engine if rotating undesirably 
in the normal direction will return to re- 

55 verse rotation since the valve timing of the 
air port valve is disturbed. 

In the case of an engine with two or four 
cylinders, a piston of one of said cylinders 
stops at the top dead centre and even when 

60 the piston stops there, the associated crank 
shaft can be rotated a little. But in the case 
of an enghie with a single cylinder, the asso- 
ciated piston possibly stops at the bottom 
dead centre. Therefore, in the case of an 

65 engine with a single cylinder, it is preferred 



so to construct the engine that a small 
volume of low pressure compressed air can 
be injected through an air exhaust port of 
the associated crank chamber. 

This urges the piston upwards, and a 70 
decompression device is operated once the 
piston has been displaced to the top dead 
centre. 

The advantages of usmg an engine with 
the abovementioned construction in a ship 75 
are that a powerful braking of the en^e 
can be achieved in a very ^o^ time by an 
air compression action of the engine, that 
the compression action of the engine is 
influenced only by the compression ratio 80 
thereof and prevented from becoming des- 
tructive by a cushioning effect of the air, 
and that, considering the possibility of fur- 
ther increasing the back pressure exerted 
on a piston, high pressure air compressed 85 
in two stages can be used for increasing the 
back pressure for a compression action of 
each cylinder, thus giving the possibility of 
rapidly bringing the speed of engme rota- 
tion close to zero. In such a 90 
case, for example, the first set 
of cylinders are changed over into 
the state for reversely rotating engine 
action and at the san^e time other cylinders, 
for example, the second set of cylinders, 95 
are supplied with compressed air and 
operated as a reversely rotating air motor, 
and then brought into a high speed rotation 
suddenly so as to effect a reversely rotating 
engiae action. And then, the second set of 100 
cylinders will be effecting a reversely rotat- 
ing engine action similarly to, and enhanc- 
ing, the action of the first set Such a variety 
of applications of an engine, which have 
been impossible with conventional engines 105 
known to the applicant, can be obtained 
according to some embodiments of the pre- 
sent invention. 

After the engine is actuated and rotated 
by air, consumed compressed air has to be 110 
replaced in the tank. For this purpose, com- 
pressed air can be obtained by operating 
the second set of cylinders as an air com- 
pressor. In this case, however, only the re- 
sidual compressed air in the second set is 115 
used for supercharging the first set 

According to an embodiment of the pre« 
sent invention, compressed air can be ob- 
tained by a variety of combinations of 
actions of a plurality of cylinders, so that 120 
the provision of an auxiliary compressor 
with a conventional engine can be dis^ 
pensed with. 

In the case tbat an auxiliaiy compressor 
is. required for double safety, there can be 125 
attachejd to &e main engine a normally 
and reversely, rotatable combination engine 
and air compressor apparatus with a single 
cylinder or a plurality of cylinders as a 
starter, which has a suitable torque. Also 130 
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for this purpose, a second-hand engine can 
be used after reconditioning to bring it into 
accordance with an embodiment of the in- 
vention in case of applications in which it 
5 is not too frequently to be used. In par- 
ticular, the reconditioning expense can be 
lowered by utilizing a petrol or mixture 
engine with double overhead cam shafts. 
Further, particularly in the case of an 
10 engine with double cam shafts such as are 
described in said first embodiment, the en- 
gine can be changed over from one to the 
other of an engine action and an air com- 
pression action by providing respective 
15 cams for an engine action and for an air 
compression action on a cam shaft, and 
sliding said cam shaft similarly to the third 
embodiment. And with such an arrangement 
even an engine with a small number of 
20 cylinders can be easily operated as an air 
compressor, and at the same^ time the en- 
gine can be easily made subject to an in- 
terlocking operation with sprmg force ad- 
justing means as described in specification 
25 4479/74 {Serial No, 1466 3=11). 

To sum up the advantages of the embodi- 
ments described: 

(1) The double cam shaft engine can 
serve as an air compressor easily by chang- 

30 ing the angular . relationship between the 
crank shaft the cam shaft for the exhaust 
valves and rotating the two cam shafts at 
the same, velocity as the crank shaft 

(2) The engine can be wodced as an air 
35 compressor simply and easily by providing 

a special electromagnetic clutch for always 
providing a particular angular relationship 
on the cam shaft of the engine and an auto- 
matic exhaust valve on the cylinder head. 
40 (3) While the vehicle is slowing down 
either to stop or during running of the 
vehicle, compressed air can be obtained by 
making a part or the whole of tiie engine 
serve as an air-compressor. 
45 (4) While the vehicle is at rest, compres- 
sed air can be obtained continuously by 
making a part of the engine serve as an air- 
compressor while making the other part 
serve as an engine. 
50 (5) An engine with an even number, e.g. 
four, six or eight cylinders, or with an 
even number of cylinders can be operated 
to make about half of the cylinders serve 
as an air-compressor or effect no-load 
:55 operation during the vehicle's nmning, and 
thereby fuel consumption may be reduced 
and air pollution may be prevented. 

(6) Since a plurality of cylinders may be 
divided into two sets, one for an engine 
^0 action and the other for an air-compressor 
action, so that the air-compressor set may 
compress the air in two stages to a pre- 
determined pressure upon starting of the 
engine set. compressive load "can be made 
^65 small so that flie engine set can be easily 



started. 

(7) Compressed air directly supplied from 
the tank and compressed air obtained after 
use in the compressed air machine arc at 
extremely low temperatures and are there- 
fore more eflEective when used for super- 
charging of the engine set, whereby even if 
the number of cylinders of the engine set 
is the same as that of the air-compressor 
set, the driving power of the engine set is 75 
increased and the air-compressor set can 
be easily started. 

(8) Since air exhausted from the com- 
pressed air machine is not discharged into 
the atmosphere but led into the engine set 80 
through a pipe, the noise emission from 
the compressed air machine is substantially 
reduced, . 

(9) By supplying the air chamber with 
hi]^ pressure air through the third air port 85 
described, rapid starting of the engine with 
large torque can be effected, which allows 
increased effectiveness of driving ability. 

<10) Since, upon reversal of rotary direc- 
tion the engine is first braked, serving as an >^ 
air-compressor, the rotary direction can be 
changed rapidly and kinetic energy of the 
engine can be used effectively. 

(11) Change-over between normal and 
reverse rotation of the engine can be effec- ^5 
ted easily and simply by providmg a driving 
cam for reverse rotation on each of Ae in- 
let valve, the exhaust valve and the air port 
valve for exhausting residual air, thus pro- 
viding a device is applicable to all sorts of 100 
engines, whether large-sized or small-sized. 

(12) Even an engine with four or less 
cylinders or a sin^e cylmder can be started 
in normal or reverse rotation by providing 
stiitable decompression means. 

WHAT I CLAIM IS:— 
1. A combination internal combustion 
en©ne and aii compressor having at least 
one compression chamber able to operate 
in a first operatmg mode as a combustion 1*^^ 
chamber and in a second operating mode 
as an air compressing chamber for compres- 
sing air without admixture of fuel, and 
means comprising two transmissions be- 
tween a crankshaft and one or respective Ai3 
valve timing camshafts of the combination, 
the transmissions being able to operate in a 
way in which they do not simultaneously 
interconnect the crankshaft with a common 
said cam shaft, there being in the combina- 
tion a compressed air source opd means 
for connecting the source operatively to at 
least one said chamber. 

2, A combination as claimed in claim 1, 
wherein the connecting means can be put 125 
into a condition to enable compressed air to 
be tised to start operation of the conabina- 
tion, with at least one said chamber in the 
first mode. 

3. A combination as claimed in claim 1 130 
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or 2, wherein the connecting means can be 
put into a condition to enable compressed 
sdr to be used for supercharging of at least 
one said chamber. 
5 4. A combination as claimed in claim 3, 
having a plurality of the chambers divided 
into two sets of which one set is connected 
so that it can be supercharged. 

5, A combination as claimed in any pre- 
10 ceding claim, wherein the connecting means 
can be put into a condition to enable com- 
pressed air to be used to operate at least 
one said chamber of the combination as an 
air motor. 

15 6. A combination as claimed in any pre- 
ceding claim, comprising- at least two said 
chambers and wherein the said source is 
provided by at least one said chamber 
operating in the second mode. 

20 7. A combination as claimed in any pre- 
ceding claim, wherein said source is an inlet 
to the combination to receive compressed 
air from outside the combination. 

8. A combination as claimed in any pre- 
25 ceding claim, wherein the combination can 

be put in a condition in which one said 
transmission is. effective to control valve 
timing in said first mode and the other 
transmission is ineffective to control valve 
30 timing in that mode, 

9. A combination as claimed in any pre- 
ceding claim, wherein the combination can 
be put in a condition in which one said 
transmission is effective to control valve 

35 timing in said second mode and the other 
transmission is ineffective to control valve 
timing in that mode. 

10. A combination as claimed in any pre- 
ceding claim, adapted to propel a vehicle 

40 and compdsiag one or more cylinders, a 
piston adapted to slide in each of the afore- 
said chambers defined in said cylinders* an 
inlet valve and an exhaust valve for open- 
ing and closing an inlet port and an exhaust 

45 port respectively provided on the upper 
portion of each said cylinder, two cam 
Sdafts respectively comprising a cam for 
said inlet valve and a cam for said exhaust 
valve for operating said inlet valve and said 

50 exhaust valve respectively, a first transmis- 
sion for transmitting rotation of a crank 
shaft to said two cam shafts, a means con- 
nected to said inlet port for supplying air 
with and without fuel thereto and a means 

55 connected to said exhaust port for guiding 
exhaust gas therefrom, an air take-out 
means for taking-out air compressed in the 
chambers through said exhaust port and 
storing said air, an operating means for 

60 operating said air supply means to supply 
air without fuel and said air take-out means 
at a desired time and a second transmission 
for rotating said cam shafts for said inlet 
and exhaust valves at the same velocity as 

65 said cra^ shaft thereby changing the valve- 



timings of said inlet and exhaust valves 
from the timings due to said first transmis- 
sion, so that the engine effects operation in 
said first mode when said two cam shafts 
are rotated by the first transmission and 70 
effects operation in said second mode when 
said two cam shafts are rotated by the 
second transmission. 

11. A combination as claimed in claim 
10. which comprises a changing means for 75 
changing the angular relationship of said 
cam shafts for said inlet and exhaust valves 
respectively with respect to said crank shaft 

so as to start the opening of said exhaust 
valve after 180*" displacement in the cycle 80 
from the closing of said inlet valve, an auto- 
matic exhaust valve provided on the upper 
portion of cylinders, said air supply means 
being adapted then to supply air without 
fuel to the cylinders through said inlet and 85 
exhaust ports, said air take-out means be- 
ing adapted to take out air compressed in 
the chambers by operating said automatic 
exhaust valve and storing said air and said 
operating means being adapted to operate 90 
said changing and transmission means, said 
air supply means and said air ta^-out 
means at the same desired time. 

12. A combinatian as claimed in claim 10 

or 11» which comprises a means for effect- 95 
ing and releasing connection between said 
crank shaft and one of said transmissions, 
including a clutch means for transmitting 
rotation of said crank shaft to each of said 
cam shafts with a predetermined angular 100 
relationship different from that in said first 
mode, a means for effecting and releasing 
connection between the crar^ shaft and the 
other of said transmissions and a means for 
dividing each of said cam shafts into sepa- 105 
rately rotatable portions. 

13. A combination as claimed in claim 11 
adapted in said second mode for air to be 
sucked into the chamber by opening both 

of the inlet and exhaust valves during the 110 
time corresponding to suction and explosion 
steps of said first mode action and for air 
to be exhausted by operating an automatic 
exhaust valve during a later part of the 
times in the second mode action corres- 115 
ponding to compression and exhaust strokes 
of said first mode action. 

14. A combination as claimed in any one 
of claims 1 to 9. comprising a plurality of 
cylinders disposed in a casing, a piston 120 
adapted to slide in each of the aforesaid 
chambers defined in said cylinders, an in- 
let and an exhaust valve for opening and 
closing an inlet and an exhaust port res- 
pectively provided on the upper portion of 125 
each of said cylinders, cam shafts each com- 
prising cams for said inlet and exhaust 
valves of respective cylinders for operating 
said inlet and exhaust valves, a means con- 
nected to said inlet port for supplying air 1^0 
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with and without fuel thereto and a means 
connected to said inlet port for supplying 
air with and without fuel thereto and a 
means connected to said exhaust port for 

5 guiding exhaust gas therefrom, passages 
associated with the cylinder respective to 
each cam shaft which fliereby form first and 
second sets each comprising one or more 
cylinders, said second set being provided 

10 with an air supply means for supplying air 
without fuel and an air take-out means for 
taking out air compressed in said cylinders 
of the second set at a desired time and 
supplying the same at a desired pressure to 

15 the inlet port of the cylinder/s of said first 
set. 

15. A combination as claimed in claim 
14, in which said first set of cylinders are 

20 adapted to operate in said first mode by 
arranging to supply them with air and fuel, 
when said second set of cylinders are adap- 
ted to operate in said second mode by ar- 
ranging to supply them with air without 

25 fuel. 

16. A combination as claimed in claim 
14, in which said cam shaft of said first set 
is provided with cams for inlet and exhaust 

30 valves each comprising a normal cam por- 
tion with an increased valve overlapping 
angle, said cam shaft of said second set is 
provided with cams for inlet and exhaust 
valves, said cam for an inlet valve of said 

35 second set is provided with a normal cam 
portion for operation in the first mode and 
an axiaUy elongated cam portion for opera- 
tion in file second mode adapted to open 
and close the inlet valve twice per rotation 

40 of the cam shaft, said cam for an exhaust 
valve of the second set is provided with a 
normal cam portion for operation in the 
first mode, a 1-step compression action por- 
tion adapted to open and close the exhaust 

45 valve twice per rotation of the cam' shaft 
in operation in die second mode, a 2-step 
compression action portion and a no-load 
operation portion adapted to overlap open- 
ing and closing of the inlet valve and that 

50 of the exhaust valve, there are means for 
introducing exhaust gas from said second 
set of cylinders into other cylinders, and 
each of die cam shafts of said first and 
second sets is provided witb means for 

55 axially displacing the cam shafts. 

17. A combination as claimed in claim 
14, in which an exhaust pipe of said second 
set of cylinders of the engine is connected 
60 to an inlet port of a compressed air 
machine, and an exhaust port of said com- 
pressed air machine is connected through 
a pipe to an inlet pipe of said first set of 
cylinders of the oig^ne. 



18. A combination as claimed in any one 65 
of claims 1 to 9, adapted to propel a vehicle 
and in which a plurality of cylinders defin- 
ing said chambers are divided into first and 
second sets, and at least said second set is 
adapted to operate in said second mode, 70 
fiiere are means for supplying chambers of 
said second set with compressed air so as 
to start the vehicle by air and fuelling said 
first set so as to operate in said first mode 
at the time of starting of the vehicle, for 75 
fuelling said first and second sets at times 
of acceleration and high speed travelling of 
the vehicle so as to obtain operation of 
both sets in said second mode for allowing 
said second set to draw without fuel during 80 
idle operation and cruising operation so as 
to obtain no-load operation of said second 
set, and for supplying at least said second 
set with air without fuel at times of de- 
celeration so as to obtain an air compres- 85 
sion action whereby to tend to reduce the 
speed of the vehicle and produce com- 
pressed air. 

19. A combination as claimed in anyone 90 
of claims 1 to 19, which includes an air port 
provided separately from inlet and exhaust 
ports on a said chamber, a manifold con- 
nected to said air port, a passage of which 
is divertible through a valve and a branch 95 
pipe of which is connected through a pas- 
sage opening and closing valve to a tank 
for storing compressed air, an air port -valve 
for opening and closing said air port, a cam 
shaft comprising a cam for operating said 100 
air port valve so as to inject compressed air 
through said air port into the chamber and 
a displacing means for axially displacing 
said cam shaft, each of said cams for said 
inlet and exhaust valves being provided 105 
with a cam portion for normal rotation and 
a cam portion for reverse rotation of the 
crankshaft. 

20. A combination as claimed in claim HO 

19, in which each of said cams for said inlet 
valve and. said exhaust valve is provided 
with a said first mode action segment and a 
said second mode action segment each for 
normal rotation, and another first mode 
action segment and another second mode 
action segment each for reverse rotation, 
and said cam for said air port is provided 
with an starting action segment and a com- 
pression action segment each ^ for normal 120 
rotation, another starting action segment 
and another compression action segment 
each for reverse rotation, and a closing seg- 
ment for keeping the air port closed during 
operation in the first mode. '-^•^ 

21. A combination internal combustion 
engme and air compressor, substantially ac- 
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cording to any embodiment hereinbefore 
described with reference to the accompany- 
ing drawings. 

5 22. A vehicle comprising a combination 
as claimed in any preceding claim. 

23. A method of compressing air where- 
in there is used a combination or vehicle 
10 as claimed in any preceding claim. 
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